Using a high-statistics lattice simulation of the Ising limit of (λΦ 4 ) 4 theory, we have measured the susceptibility and propagator in the broken phase. We confirm our earlier finding of a discrepancy between the field re-scaling implied by the propagator data and that implied by the susceptibility. The discrepancy becomes worse as one goes closer to the continuum limit; thus, it cannot be explained by residual perturbative effects. The data are consistent with an unconventional description of symmetry breaking and "triviality" in which the rescaling factor for the finite-momentum fluctuations tends to unity, but the re-scaling factor for the condensate becomes larger and larger as one approaches the continuum limit. In the Standard Model this changes the interpretation of the Fermi-constant scale and its relation to the Higgs mass.
Introduction
The well-established fact that the continuum limit of (λΦ 4 ) 4 theory is "trivial" [1] [2] [3] [4] [5] [6] [7] is traditionally interpreted using renormalized perturbation theory. In that picture, the ratio M 2 h /v 2 R of the physical Higgs mass to the physical vacuum value v R is proportional to the renormalized coupling λ R and tends to zero as 1/ln(cutoff). Since v R is fixed by the Fermi constant v 2 R ∼ 1/(G F √ 2) ∼ (246GeV) 2 , the physical Higgs mass is driven to zero in the continuum limit. To avoid that phenomenologically disastrous outcome one must invoke a finite cutoff Λ. A smaller cutoff value allows a larger Higgs mass, but the requirement that Λ ≥ 2M h implies an upper bound on M h [8] .
In general, v R differs from the bare "Higgs condensate" value measured on the lattice, v B ≡ Φ . The two are related by a re-scaling factor Z:
In the conventional picture Z = Z prop where Z prop is the wavefunction-renormalization constant for the propagator of the shifted field Φ(x) − Φ . Due to 'triviality,' one expects Z prop → 1 in the continuum limit, in agreement with the perturbative prediction
Lattice data for the shifted-field propagator confirm that Z prop is quite close to 1 [8] .
However, a different interpretation of "triviality" has been proposed [9] [10] [11] in which there are two distinct "Z's" in the broken-symmetry phase. The field Φ(x) must be divided into a finite-momentum piece and a zero-momentum (spacetime-constant) piece, ϕ. The former re-scales by the usual wavefunction-renormalization factor Z prop , but the latter re-scales by a different factor, Z ϕ . It is Z = Z ϕ that is needed in Eq. (1). Z ϕ is determined by requiring the physical mass to match the second derivative of the effective potential with respect to the renormalized ϕ R :
where χ is the zero-momentum susceptibility.
Refs. [9] [10] [11] argue that in a "trivial" theory the effective potential should be effectively given by the sum of the classical potential and the zero-point energy of the shifted fluctuation field, which behaves as a free field. This leads to a V eff that is extremely flat in terms of the bare field, implying a logarithmically divergent Z ϕ of order ln(Λ/M h ). Therefore this interpretation of "triviality" predicts that Z prop → 1 and Z ϕ → ∞ in the infinite-cutoff limit.
A direct test of the "two Z" picture was reported in our previous paper [12] . There we found a discrepancy between the Z prop obtained from the propagator and the Z ϕ obtained from M 2 h χ. Absolutely no sign of such a discrepancy was found in the symmetric phase [12] , as expected. Here we report a substantially refined calculation in the broken phase; it involves larger lattices, a tenfold increase in statistics, and uses two distinct methods to evaluate M h . Our previous result is confirmed.
The lattice simulation
The one-component (λΦ 4 ) 4 theory
becomes in the Ising limit
with Φ(x) = √ 2κφ(x) and where φ(x) takes only the values +1 or −1.
We performed Monte-Carlo simulations of this Ising action using the Swendsen-Wang [13] cluster algorithm. For κ we chose three successive values, κ = 0.076, 0.07512, 0.07504, lying just above the critical κ c = 0.0748 [14] . Thus, we are in the broken phase and approaching the continuum limit where the correlation length ξ becomes much, much larger than the lattice spacing. To be confident that finite-size effects are sufficiently under control, we used a lattice size, L 4 , large enough so that L/ξ > 5 [14, 15] . We used L = 20, 32, 32, respectively. After discarding 10K sweeps for thermalization, we have performed 500K sweeps (ten times more than in our earlier calculation [12] ); the observables were measured every 5 sweeps. Statistical errors can be estimated through a direct evaluation of the integrated autocorrelation time [16] , or by using the "blocking" [17] or the "grouped jackknife" [18] algorithms. We have checked that applying these three different methods we get consistent results.
We measured the bare magnetization v B = |Φ| (where Φ ≡ x Φ(x)/L 4 is the average field for each lattice configuration) and the zero-momentum susceptibility
These results are reported in Table 1 . We note that at κ = 0.076 our values are in excellent agreement with the corresponding results of Jansen et al [19] obtained with a different computational method.
We also computed the shifted-field propagator
where p µ = 2π L n µ with n µ being a vector with integer-valued components, not all zero. We then fitted the data for G(p) to the 2-parameter formula
where m latt is the dimensionless lattice mass andp µ = 2 sin pµ 2 . A very good fit is obtained, provided we exclude the lowest three or four momentum points (we return to this point in a moment). The resulting parameters Z prop and m latt are reported in Table 2 , which also lists the values for Z ϕ ≡ m 2 latt χ.
The fact that the fitted Z prop is slightly less than one is completely in accord with other authors, see e.g. [8] . It can be attributed to residual interactions, since we are not exactly at the continuum limit, so that the theory is not yet completely "trivial." This explanation is reasonable since we see a tendency for Z prop to approach unity as we get closer to the continuum limit.
The propagator data are reported in Figs. 1-3 , scaled by a factor of (p 2 + m 2 latt ). We also show, as a point atp = 0, the quantity Z ϕ , obtained from the product m 2 latt χ. (Its error bar is dominated by the uncertainty in m latt .) According to conventional ideas, Z ϕ should be the same as the wavefunction-renormalization constant, Z prop , but clearly it is significantly larger. There is no such a discrepancy in the lattice data for the symmetric phase [12] .
Our data shows that the discrepancy gets worse as we approach the critical κ (see Fig. 4 ). Thus, it cannot be explained by residual perturbative effects that might cause G(p) to deviate from the free-propagator form in (7) ; such effects should die out in the continuum limit, according to "triviality."
The results accord well with the "two Z" picture where we expect to see the zeromomentum point, Z ϕ ≡ m 2 latt χ, become higher and higher the closer we get to the continuum limit. From this viewpoint it makes sense that, away from the continuum limit, the propagator shows some deviation from the form (7) at lowp -which explains the need to exclude low-p points to get a good fit to (7) . As we approach the continuum limit the deviation from the Z prop /(p 2 + m 2 latt ) form should become concentrated in a smaller and smaller range ofp, but with a larger and larger spike atp = 0. In the continuum limit the shape should become a discontinuous function that is infinite atp = 0 and equal to 1 for all non-zerop. The sequence of pictures in Figs. 1-3 is quite consistent with this expectation.
Independent determination of the mass
At κ = 0.076 we can compare with earlier results of Jansen et al [19] . As noted in Table 1 , there is excellent agreement for v B and χ. However, our mass value m latt = 0.42865(456) is about 10% larger than the value m R = 0.395(1) quoted in ref. [19] . The 10% larger mass results in a ∼ 20% increase in our Z ϕ with respect to the value Z R = 0.893(4) reported in Table 5 of ref. [19] . Hints of some discrepancy affecting Z R in the broken phase were actually noted by Jansen et al [19] . Indeed, their value is lower than the perturbative prediction [5] at κ = 0.076, Z pert = 0.929 (14) . (Notice that this perturbative prediction agrees very well with our result from the shifted-field propagator Z prop = 0.9321(44) in Table 2 .)
The difference in mass values is probably attributable to the (perturbatively unexpected) behaviour of the propagator data at lowp. Indeed, in our earlier work [12] , where low-p points were included in the fit to (7) , we also found a lower value, m latt = 0.406 (6) . However, due to the tenfold increase in statistics, we now see that the propagator clearly deviates from the form (7) at lowp.
Since the determination of the mass is a crucial issue, we decided to check this by independent means. We used the direct method of "time-slice" variables described in ref. [14] (see also [20] pp. 56) in the region ofp-values where the propagator is well reproduced by Z prop /(p 2 + m 2 latt ). To this end let us consider a lattice with 3-dimension L 3 and temporal dimension L t and the two-point correlator
where
Here, t is the Euclidean time; x is the spatial part of the site 4-vector x µ ; k is the lattice momentum k = (2π/L)(n x , n y , n z ), with (n x , n y , n z ) non-negative integers; and ... conn denotes the connected expectation value with respect to the lattice action Eq. (4). In this way, parameterizing the correlator C 1 in terms of the energy ω as
the mass can be determined through the lattice dispersion relation
For κ = 0.0760 on a 20 4 lattice and (n x , n y , n z ) = (3, 0, 0) (the results are rather insensitive to the chosen value of k in this region), we obtain the data reported in Fig. 5 . A fit to Eqs. (11, 12) yields
in very good agreement with the value m latt = 0.42865(456) extracted from the propagator (see Table 2 ). This confirms the validity of our determination of the mass.
Conclusions
In this Letter we have reported new numerical evidence that the re-scaling of the 'Higgs condensate' Z ϕ ≡ m 2 latt χ is different from the conventional wavefunction renormalization Z ≡ Z prop defined from the shifted-field propagator. Perturbatively, such a difference might be explicable if it became smaller and smaller when taking the continuum limit (where λ R → 0). However, our lattice data shows that the difference gets larger as one gets closer to the continuum limit, m latt → 0. See Fig. 4 .
Our lattice data is consistent with the unconventional picture of "triviality" and spontaneous symmetry breaking of refs. [9] [10] [11] in which Z ϕ diverges logarithmically, while Z prop → 1 in the continuum limit. In this picture the Higgs mass M h can remain finite in units of the Fermi-constant scale v R , even though the ratio M h /v B goes to zero. The Higgs mass is then a genuine collective effect and M 2 h is not proportional to the renormalized self-interaction strength. If so, then the whole subject of Higgs mass limits is affected. In view of the importance of the issue, both for theory and phenomenology, we hope and expect that our lattice results will be checked (and/or challenged) by other groups.
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